A C C E P T E D INTRODUCTION 25
Middle age (35-59 yrs.) is associated with physiological decline, as evidenced by reduced 26 aerobic capacity, insulin sensitivity, muscle strength, flexibility, muscle power, and mass 27 [13, 17, 34] . In particular, muscle power declines earlier (~40 yrs.) and more precipitously (~10% 28 per decade) than many of the aforementioned parameters [29, 32] . The mechanisms 29 underpinning this loss are complex and not completely understood but might be related to 30 denervation with attendant fibre atrophy and lower physical activity levels in middle-aged 31 compared with younger populations [8] [9] [10] . 32 33 Exercise training is a powerful strategy for improving muscle power and performance [6] . 34
Despite the well-documented benefits of exercise, adherence to exercise training regimes is 35 low [12] . Lack of time to exercise, owing to work or family commitments, is commonly cited 36 as a reason given for lack of adherence in both the general population [21] and middle-aged 37 females [22] . Time-efficient exercise interventions are, therefore, required to increase exercise 38 adherence in middle-aged populations. 39
40
Whole-body vibration training (WBVT) is a novel time-efficient exercise stimulus, with 41 beneficial effects being reported with less than 30 minutes exposure per week [19] . It is 42 believed that by stimulating neuromuscular pathways and muscle spindles, WBVT creates a 43 tonic contraction of the muscle; often referred to as the tonic vibration reflex [30] . WBVT has 44 enhanced proxy markers of muscle power (e.g. vertical jump performance) in sedentary [14] 45 and recreationally active young populations [19] . In addition, WBVT has improved sprint 46 A C C E P T E D performance [31] and flexibility [18] in young trained populations. Further, there is also 47 evidence that older populations (≥ 60 yrs.) can benefit from WBVT, with increases in muscle 48 strength [6] bone density [38] , and improvements in balance [4, 7] and quality of life [33] being 49 reported. However, there is a paucity of research examining the effect of WBVT in middle-50 aged populations. Given the decrements in power and flexibility during middle age, the 51 present study aimed to determine the effects of WBVT on two functional endpoints: namely 52 jump performance (power marker) and range of motion (ROM: flexibility marker) in younger 53 (20-30 yrs.) and middle-aged (45-55 yrs.) recreationally active females. It was hypothesised 54 that WBVT would lead to similar performance enhancements in younger and middle-aged 55 females. 56
57

METHODS 58
Experimental Approach to the Problem 59
The current study was designed to investigate the changes in vertical jump performance and 60 ROM following 5 weeks of progressive WBVT in younger compared to middle-aged 61 recreationally active females. Limited research has been carried out to compare the effects of 62 WBVT on the performance of different age groups. To achieve this, a test-retest experimental 63 design was chosen with intervention (WBVT) and control groups in two separate age groups. 64 that could have affected their ability to participate in the study. All middle-aged participants 73
were post-menopausal. 74
75
Procedures 76
Participants completed a five min warm-up on a Monark Ergomedic Bike, maintaining their 77 heart rate between 120-140 b-min -1 in accordance with American College of Sports 78
Medicine (ACSM) guidelines [3] . All participants were required to perform 3 vertical 79 countermovement jumps (VCMJ) on a Probotics Just Jump Mat (Probotics Inc. USA), which 80 has been reported to be a reliable measure of assessing muscular performance [26] . 81
Participants were instructed to keep their hands on their hips throughout the VCMJ, as arm 82 movement can influence jump performance [23] . Participants also performed 3 range of 83 motion (ROM) tests using the traditional sit-and-reach box [3, 24, 27] . For both tests, the mean of 84 all 3 trials was used for subsequent statistical analysis. Participants were tested twice; pre and 85 post the 5-week intervention period. Figure 1 ). While the WBVT group followed the overload training principal (Figure  91 2), the control group performed the identical isometric exercises, following the same itinerary 92 A C C E P T E D as the WBVT group but with no vibration. Both groups trained once per week performing 93 each exercise for 60s, with a 60s recovery after each exercise; totalling ~3 min exposure time 94 per training session. During the first and second week, the frequency was pre-set to 30 Hz 95 and the amplitude controlled at 4 mm. For the third week, the frequency was set to 35 Hz. 96
During the fourth week the frequency was increased to 40 Hz, and on the fifth week to 45 Hz. 97
Protocol, including frequency and amplitude settings, exercises and durations, was selected 98 based on previous research showing improvements in jump performance and ROM [11, 14, [18] [19] . 99
During all trials the participant was required to wear the same rubber soled shoes [25] . To 100 align with recommendations regarding recovery periods following resistance training, VCMJ 101 performance and ROM were re-assessed 72 hrs following the last training session [28, 39] . Both 102 VCMJ and ROM were re-assessed at a similar time of day (± 1 hrs) as the first assessment to 103 avoid the confounding influence of circadian variation [16] . 104 
RESULTS
120
Baseline participant anthropometrical characteristics 121
As expected, age significantly differed by group (P ≤ 0.001). Specifically, the two middle-122 aged groups were significantly older than the two younger groups (P ≤ 0.05, see table 1). 123
However, there were no significant differences (P ≥ 0.05) between age-matched control and 124 vibration groups. Height, mass and BMI were not significantly different (P ≥ 0.05) between 125 groups at baseline (see table 1 ). All participants were classified as having a healthy BMI in 126 accordance with the World Health Organization [40] . 127 128
Insert Table 1 near here 129 130
Jump performance 131
Baseline 132 VCMJ differed significantly between groups at baseline (P ≤ 0.001), being significantly 133 lower in the two middle-aged groups compared to the two younger groups (P ≤ 0.05; see 134 table 1). VCMJ did not significantly differ between the two younger groups (P ≥0.05) or 135 between the two middle-aged groups (P ≥0.05). In line with previous work [29, 32] , we observed lower VCMJ, a proxy marker of muscle power, 175 in middle-aged compared with younger females. Indeed, muscle power begins to decline at 176 ~40 years of age and declines precipitously thereafter [29, 32] . The magnitude of several age-177 related declines can, however, be attenuated by regular exercise training in elderly [1, 6, [8] [9] [10] and 178 middle-aged populations [2, 20, 36] . In support of this notion, we provide novel data 179 demonstrating that WBVT significantly improved VCMJ in middle-aged females. Indeed, 180 middle-aged individuals improved to a greater extent than younger individuals. This likely 181 A C C E P T E D reflects a greater scope for improvement in the middle-aged group given their lower baseline 182 level. Nonetheless, WBVT appears to be an effective countermeasure for attenuating age-183 related declines in a marker of muscle power. 184
185
It is acknowledged that WBVT did not reverse VCMJ to the level of a younger female; the 186 middle-aged group recorded a mean post-intervention jump height of 24.9 cm compared to 187 the younger group improving to 36.6 cm (mean difference = 11.7 cm). This could reflect a 188 residual age-related deficit that training cannot fully override or simply the short-term nature 189 of our exercise intervention. The improvements (~13%) in the current study's middle-aged 190 group are however, similar in magnitude (~10%) to those observed in other short-term [19] 191 and longer duration (~15%) WBVT studies [14, 37] . We do, however, readily acknowledge that 192 a limitation of our study is that we did not compare WBVT to any other training modality 193 (e.g. progressive resistance exercise). Hence, whether WBVT is a more effective training 194 stimulus than other modalities in this cohort, is an open question. 195
196
The age-related decline in joint flexibility underpins a decreased ROM in older populations 197 [35] . We report significantly lower ROM in the middle-aged WBVT compared to the young 198 control group at baseline. That this effect is confined to these two groups, not evident 199 generally between young and middle-aged and thus not attributable to biological age per se, 200 renders this observation difficult to reconcile at first glance. We speculate that this difference 201 is attributable to differences in innate flexibility between these two groups or perhaps 202 differences in the type of habitual physical activity undertaken. It could equally reflect our 203 relatively low sample size (n = 6 and n = 7). In any event, 5 weeks of progressive WBVT 204 significantly improved ROM, irrespective of age. This observation is concordant with 205 A C C E P T E D previous work, documenting an enhancement of ROM with WBVT [18] . Whether WBVT 206 attenuates the age-related decline in flexibility is not resolved herein, since we did not 207 observe any age-related deficits in this parameter at baseline. Proof of concept, might be 208 provided by the favourable response of middle-aged individuals to WBVT and the increase in 209 flexibility following exercise training in the elderly [17] . 210
211
PRACTICAL APPLICATIONS 212
From a practical perspective, we have delineated a novel time-efficient WBVT exercise 213 paradigm that can be utilised to attenuate the age-related performance declines in middle-214 aged females. Although, further work is required to elucidate other benefits of WBVT in 215 middle-aged populations, such as increased maximal oxygen uptake, WBVT might be a time-216 efficient countermeasure for certain age-related performance losses in middle-aged females. 
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